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(54) AFIELD-EFFECT TRANSISTOR DEVICE

(57)  According to an aspect, there is provided a FET
device (100) comprising:

a substrate (102), a source body (120), a drain body (130)
and a set of vertically spaced apart channel layers (150)
extending between the source and drain body in a first
direction along the substrate (102),

the source body (120) comprising a common source body
portion (122) arranged at a first lateral side of the set of
channel layers (150) and a set of vertically spaced apart
source prongs (124) protruding from the common source
body portion (122) in a second direction along the sub-
strate (102), transverse to the first direction,

the drain body (130) comprising a common source body
portion (132) arranged at the first lateral side of the set
of channel layers (150) and a set of drain prongs (134)
protruding from the common drain body portion (132) in
the second direction; and

a gate body (140) comprising a common gate body por-
tion (142) arranged at a second lateral side of the channel
layer (150), opposite the first lateral side, and a set of
gate prongs (144) protruding from the common gate body
gate portion (142) in a third direction along the substrate
(102), opposite the first direction;

wherein each channel layer (150) comprises a first side
(150aa, 150ba) and an opposite second side (150ab,
150bb), the first side arranged in abutment with a topside
or an underside of a pair of source and drain prongs
(124a, 134a) and the second side (150ab, 150bb) facing
a gate prong (144a, 144b).

Processed by Luminess, 75001 PARIS (FR)
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Description
Technical field

[0001] The presentinventive concept relates to a field-
effect transistor (FET) device

Background

[0002] Moore’s law, that sets the footprint area of a
transistor to scale by a factor 2, i.e. the transistor gate
length L to scale by a factor V2, every 2 years, has been
the driving force of the electronic industry, scaling the
length of a transistor to its limits. Today, the minimal dis-
tance between the gate of two subsequent transistors, a
measure known as contacted poly pitch (CPP) or gate
pitch (CGP), has been scaled to approximately 50 nm.
Device parameters limiting further CPP scaling include
gate length, source/drain contact area and gate spacer
width.

Summary

[0003] An objective of the present inventive conceptis
to enable further CPP scaling. Additional and alternative
objectives may be understood from the following.
[0004] According to an aspect, there is provided a FET
device comprising:

a substrate, a source body, a drain body and a set
of vertically spaced apart channel layers extending
between the source and drain body in a first direction
along the substrate,

the source body comprising a common source
body portion arranged at a first lateral side of
the set of channel layers and a set of vertically
spaced apart source prongs protruding from the
common source body portion in a second direc-
tion along the substrate, transverse to the first
direction,

the drain body comprising a common drain body
portion arranged at the first lateral side of the
set of channel layers and a set of drain prongs
protruding from the common drain body portion
in the second direction; and

a gate body comprising a common gate body portion
arranged ata second lateral side of the setof channel
layers, opposite the first lateral side, and a set of
gate prongs protruding from the common gate body
gate portion in a third direction along the substrate,
opposite the first direction;

wherein each channel layer comprises a first side
and an opposite second side, the first side arranged
in abutment with a topside or an underside of a pair
of source and drain prongs and the second side fac-
ing a gate prong.
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[0005] According to the inventive device aspect the
common gate body portion may be located on a laterally
opposite side to the common source and drain body por-
tions, with respect to the set of channel layers. In other
words, the common gate body portion may be laterally /
horizontally offset with respect to the common source
and drain body portions. Meanwhile, the gate prongs may
be offset vertically with respect to the source and drain
prongs. In other words, the source and drain prongs and
the gate prongs may be located at different vertical levels
(e.g. above the substrate). In a conventional FET, the
source/drain terminals and the gate terminal are sepa-
rated by a spacer of a certain minimum length Ls, in order
to sufficiently electrically separate the gate from the
source/drain, that appears twice in the CPP of a conven-
tional FET device. This separation may be reduced or
even omitted according to the inventive FET device.
[0006] According to the inventive device, the first side
of each channel layer is arranged in abutment with the
topside or the underside of a pair of source and drain
prongs (i.e. the topside of a pair of source and drain
prongs or the underside of a pair of source and drain
prongs). The second side of the channel layer faces a
gate prong. According to embodiments, said gate prong
and said source prong of said pair of source and drain
prongs may be arranged to overlap with a first common
region of said each channel layer such that the first com-
mon region is located vertically between said source
prong and said gate prong. Correspondingly, said gate
prong and said drain prong of said pair of source and
drain prongs may be arranged to overlap with a second
common region of said channel layer, such that that the
second common region is located vertically between said
drain prong and said gate prong.

[0007] By the gate prongs and source/drain prongs
overlapping a first/second common region of each chan-
nel layer, the gate body may be configured to, when the
field-effect transistor is switched to an active state, in-
duce, in each channel layer, an electrostatic doping in
the first and second common regions and a channel re-
gion extending therebetween. The first and second com-
mon regions may have a respective first doping level
when the FET device is inactive, and a respective elec-
trostatically increased second doping level when the FET
device is active. Thereby, the doping concentration in the
first and second common regions of each channel layer
may be effectively increased. A further function of the
spacer in a conventional FET is to limit the amount of
dopant diffusion into the channel region. The "dynamic
doping" enabled by the inventive FET device allows re-
ducing chemical source and drain doping concentration
(the channel layers may even be formed as uniformly
doped channel layers, e.g. un-doped/intrinsically doped
channel layers), further reducing the need for a spacer.
In other words, a lower (chemical) doping level of the first
and second common regions of each channel layer may
hence be used than for the (typically highly chemically
doped) source and drain regions of the conventional FET.
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This may in turn reduce the degradation of the sub-
threshold-swing (SS) as the gate length scales down.
Moreover, a channel region may be induced to extend
completely between the first and second common re-
gions, thereby enabling a reduced short-channel effect
(SCE) when down-scaling.

[0008] As used herein, the term "horizontal" indicates
an orientation or a direction in a horizontal plane, i.e.
parallel to (a main plane of extension) of the substrate.
The "first", "second" and "third" directions accordingly re-
fer to respective horizontal directions. The "first direction”
may also define a channel direction of the device and
may accordingly be referred to as such. The "sec-
ond/third directions" represent mutually opposite direc-
tions transverse to the first direction / channel direction.
The term "vertical" is used to indicate an orientation or a
direction which is transverse to a horizontal plane, i.e.
normal to (main plane of extension of) the substrate.
[0009] As used herein, the terms "first/second lateral
side of the set of channel layers" indicate regions on hor-
izontally opposite sides of the set of channel layers. In
other words, the common source and drain body portions
may be arranged at a first side of a vertical geometrical
plane and the common gate body portion may be ar-
ranged at a second side of the vertical geometrical plane
opposite the first side, the vertical geometrical plane ex-
tending through the channel layers in the first horizontal
/ channel direction.

[0010] As used herein, the term "source / drain prong"
refers to a portion (e.g. layer-shaped) of the source / drain
body protruding from the common source / drain body
portion to a respective free end. The term "gate prong"
correspondingly refers to a portion (e.g. layer-shaped) of
the gate body protruding from the common gate body
portion to a respective free end.

[0011] When reference is made to a pair of a source
prong and a drain prong (or shorter, a pair of source and
drain prongs), reference is made to a source prong and
a drain prong arranged in abutment with a same channel
layer. The pair of source and drain prongs may in partic-
ular refer to source and drain prongs arranged at a same
level over the substrate.

[0012] The channel layers may form nanosheets. The
channel layers may be formed by thin-film layers. Each
channel layer may be formed by a 2D material such as
a transition metal dichalcogenide (MX,) or IGZO. How-
ever, channel layers of semiconductor materials such as
semiconductors of group 1V (e.g. Si-comprising such as
Si or SiGe, or Ge) or group llI-V (e.g. InP, InAs, GaAs,
GaN) are also possible.

[0013] The source and drain prongs may each com-
prise semiconductor material and the common source
and drain body portions may each comprise semicon-
ductor material and/or metal. The source body and drain
body may each be a semiconductor body. Alternatively,
the source body may comprise a metal common source
body portion and semiconductor source prongs, and the
drain body may comprise a metal common drain body
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portion and semiconductor drain prongs. Alternatively,
the source body and the drain body may each be a metal
body. In any case, the common source and drain body
portions may interconnect / merge the source and drain
layer prongs, respectively.

[0014] According to embodiments also the common
gate body portion may extend (horizontally) along the
first and second common regions of each channel layer.
Each channel layer and source and drain prong may ac-
cordingly be surrounded by the gate body on at least two
sides thereof, i.e. horizontally and vertically. According
to embodiments comprising a pair of channel layers ar-
ranged in a space between a pair of gate prongs (as set
out below) this may apply to a sub-portion of the common
gate body portion connecting / bridging the pair of gate
prongs. Each pair of channel layers and associated pair
of source and drain prongs may accordingly be surround-
ed by the gate body on three sides, e.g. in a tri-gate fash-
ion.

[0015] The FET device may further comprise a set of
vertically spaced apart insulating spacer layers, each
spacer layer arranged level with and between a respec-
tive one of the aforementioned pairs of source and drain
prongs. The spacerlayers may provide structural support
for the channel layers. The spacer layers may further
serve to passivate surface portions of the channel layers
located between the source and drain prongs. The spac-
er layers may additionally facilitate fabrication in that the
channel layers may be stacked with the spacer layers.
According to embodiments comprising a pair of channel
layers arranged in abutment with a same pair of source
and drain prongs, as set out above, a spacer layer may
be arranged between the pair of channel layers.

[0016] According to embodiments the set of channel
layers may comprise a pair of channellayers (e.g. at least
one pair) arranged in abutment with a same pair of source
and drain prongs from mutually opposite sides thereof,
such that the pair of prongs are sandwiched between the
pair of channel layers. In other words, an upper channel
layer of the pair may be arranged in abutment with a
topside of the source and drain prongs and a lower chan-
nel layer of the pair may be arranged in abutment with
an underside of the source and drain prongs. This may
allow an increased drive current, since a same pair of
source and drain prongs may be connected by a pair of
channel layers.

[0017] The pair of channel layers may be arranged in,
i.e. extend through, a (vertical) space between a pair of
gate prongs. Accordingly, the second side of the upper
channel layer (defining a topside of the upper channel
layer) of the pair of channel layers may face an upper
gate prong of the pair of gate prongs and the first side of
the upper channel layer (defining an underside of the
upper channel layer) may abut the respective topside of
the source and drain prongs. Meanwhile, the second side
of the lower channel layer (defining an underside of the
lower channel layer) of the pair of channel layers may
face a lower gate prong of the pair of gate prongs and
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the first side of the lower channel layer (defining a topside
of the lower channel layer) may abut the respective un-
derside of the source and drain prongs. This may allow
an improved channel control in that the pair of gate
prongs effectively may form a tri-gate configuration with
respect to the pair of channellayers and the pair of source
and drain prongs.

[0018] According to embodiments, the set of channel
layers may comprise at least one further channel layer
arranged in abutment with a topside or underside of a
further pair of source and drain prongs, and wherein a
gate prong of the pair of gate prongs is arranged between
said further channel layer and one channel layer of said
pair of channel layers. One of the gate prongs of the pair
may accordingly act as gate with respect to channel lay-
ers connected to two different pairs of source and drain
prongs.

[0019] According to embodiments, a horizontal sepa-
ration, along the second direction, between the common
gate body portion and the common source and drain body
portions may exceed a (horizontal) length of the gate
prongs and source/drain layer prongs. Electrical separa-
tion between the gate prongs and common source and
drain body portions, on the one hand, and on the other
hand between the source and drain layer prongs and the
common gate body portion may thus be ensured.
[0020] Accordingtoembodimentsthe FET device may
further comprise first dielectric layer portions arranged
alternatingly with the source prongs and second dielectric
layer portions arranged alternatingly with the drain
prongs, such that each gate prong is arranged between
a first and second dielectric layer portion. Each gate
prong may hence be arranged level with and between a
pair of first and second dielectric layer portions while be-
ing offset (vertically) from the source and layer drain layer
prongs.

[0021] According to embodiments a distal end of each
gate prong may be separated from (a respective sidewall
surface of) the common source and drain body portions
by aninsulating layer. A risk of shorting between the gate
and source/drain bodies may hence be reduced.
[0022] According to embodiments, there is provided
an arrangement of a first and a second FET device, each
FET device having a design according to the above de-
scribed FET device. The first and second FET device
may be arranged beside each other (e.g. on the sub-
strate). The gate body of the first FET device and the
gate body of the second FET may share a common gate
body portion arranged intermediate the respective sets
of channel layers of the first FET and the second FET.
The gate prongs of the first FET and second FET may
protrude from the shared common gate body portion in
opposite directions.

[0023] This enables two FET devices to be combined
in an area efficient manner with a shared-gate configu-
ration. This configuration may be useful for combining
FET devices of complementary channel types, i.e. for
forming CMOS-devices. Accordingly, the first FET device
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may be an n-type FET and the second FET device may
be a p-type FET.

Brief description of the drawings

[0024] The above, as well as additional objects, fea-
tures and advantages of the present inventive concept,
will be better understood through the following illustrative
and non-limiting detailed description, with reference to
the appended drawings. In the drawings like reference
numerals will be used for like elements unless stated
otherwise.

Fig. 1isaperspective view of a FET device according
to an embodiment.

Fig. 2 is a cross-sectional view of the FET device of
Fig. 1.

Fig. 3 is a top-down view of the FET device of Fig.
1, adjacent a second FET device.

Figs. 4a-b through 20a-b depict steps of an example
method for forming a FET device.

Detailed description

[0025] Fig. 1 shows in a schematic perspective view a
FET device 100 according to an embodiment. The FET
device 100 comprises a substrate 102, a source body
120, adrain body 130, and a set of vertically spaced apart
semiconductor channel layers, e.g. in the shape of na-
nosheets, commonly referenced 150. The channel layers
150 are stacked above each other. The channel layers
150 extend between the source body 120 and the drain
body 130 in a first horizontal direction (denoted X in the
figures) along the substrate 102. The first horizontal di-
rection X corresponds to a channel direction of the FET
device 100, i.e. a direction along which current flows be-
tween the source and drain bodies 120, 130 when the
FET device 100 is in an active state.

[0026] The substrate 102 may be a semiconductor
substrate, i.e. a substrate comprising at least one semi-
conductor layer, e.g. of Si, SiGe or Ge. The substrate
102 may be a single-layered semiconductor substrate,
for instance formed by a bulk substrate. A multi-layered
/ composite substrate 102 is however also possible, an
epitaxially grown semiconductor layer on a bulk sub-
strate, or a semiconductor-on-insulator (SOI) substrate.
The substrate 102 of Fig. 1 is covered by an insulating
layer 104 (e.g. silicon oxide or other conventional inter-
layer dielectric material) which however may be omitted
if the top surface of substrate 102 already is insulating.
[0027] The source body 120 comprises a common
source body portion 122 and a set of vertically spaced
apart source prongs 124 (vertical direction denoted Z in
the figures) protruding from the common source body
portion 122 in a second horizontal direction (denoted Y
in the figures) transverse to the first horizontal direction
X. The drain body 130 comprises a common drain body
portion 132 and a set of vertically spaced apart drain
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layer prongs 134 protruding from the common drain body
portion 132 in the second horizontal direction Y. The gate
body 140 comprises a common gate body portion 142
and a set of vertically spaced apart gate prongs 144.
Each gate prong 144 protrudes from the common gate
body portion 142 in a third horizontal direction (oppo-
site/negative Y) into a space above or underneath a re-
spective one of the channel layers 150.

[0028] The common source body portion 122 and the
common drain body portion 132 are both arranged at a
first lateral side of the set of channel layers 150. The
common gate body portion 142 is arranged at a second
lateral side of the set of channel layers 150, opposite the
first lateral side. Fig. 1 indicates a geometrical plane A.
The plane A is a vertically oriented plane (i.e. parallel to
the XZ-plane) and extends through the set of channel
layers 150 along the first horizontal / channel direction
X. The common source and drain body portions 122, 132
and the common gate body portion 142 are accordingly
arranged at mutually opposite sides of the plane A, there-
by establishing a lateral / horizontal offset between the
common source and drain body portions 122, 132 and
the common gate body portion 142.

[0029] Eachchannellayer 150is arranged in abutment
with and extends in the X direction between a respective
pair of a source prong 124 and a drain prong 134, e.g.
the source and drain prong 124, 134 being arranged at
a same vertical level over the substrate 102. Each chan-
nellayer 150 comprises a first side arranged in abutment
with the respective pair of source and drain prongs 124,
134, and a second side opposite the first side and facing
a respective gate prong 144. More specifically, each
channel layer 150 may as shown either be arranged with
the first side (e.g. an underside of the channel layer) in
abutment with a respective topside of a pair of source
and drain prongs 124, 134, or with the first side (e.g. a
topside of the channel layer) in abutment with a respec-
tive underside of a pair of source and drain prongs 124,
134. As may be appreciated from Fig. 1, a topside of a
source or drain prong 124, 134, or a channel layer 150
may refer to a side of a prong / channel layer facing away
from the substrate 102 while an underside may refer to
a side of a prong / channel layer facing the substrate 102.
[0030] The source and drain bodies 120, 130 may be
semiconductor bodies, e.g. comprising semiconductor
common body portions 122, 132 and semiconductor
source/drain prongs 124, 134. Epitaxially grown group
IV (e.g. Si, Ge, SiGe) and group llI-V (e.g. InP, InAs,
GaAs, GaN) semiconductors are a few possible exam-
ples. The source and drain bodies 120, 130 may alter-
natively be metal bodies wherein the common source
and drain body potions 122, 132 may be formed of metal
and the source and drain prongs 124, 134 may be formed
of metal. Example metals include W, Al, Ru, Mo or Co.
The source and drain bodies 120, 130 may in this case
additionally comprise a barrier metal layer, e.g. Ta, TiN
or TaN, enclosing a bulk material of the respective bodies
120, 130 (such as any of the afore-mentioned metals).
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The source and drain bodies 120, 130 may also be com-
bined metal and semiconductor bodies, e.g. comprising
metal and semiconductor common body portions 122,
132 and semiconductor source and drain prongs 124,
134 (e.g. epitaxially grown). Such a configuration is de-
picted in Fig. 1 wherein the common source body portion
122 is shown to abut and enclose faceted (dashed lines)
ends of the semiconductor source prongs 124. The
shape of the facets is merely exemplary and will generally
depend on the lattice structure of the semiconductor ma-
terial and growth conditions of the epitaxy. As may be
appreciated, semiconductor source and drain bodies
120, 130 may be obtained by continuing the growth such
that the growth fronts of the source prongs 124 and drain
prongs 134, respectively, merge to form the common
source and drain body portions 122, 132. The source and
drain prongs 124, 134 (and the common source and drain
bodies 122, 132 if made of semiconductor material) may
each be doped (e.g. in-situ during epitaxy) with a dopant
appropriate for the intended type of the device (e.g. n-
type FET or p-type FET).

[0031] The thickness of the source and drain prongs
124, 134 may for example be in the range of 2 nm to 5
nm. As may be appreciated, thinner prongs may enable
stacking of more channel layers 150, which may be ad-
vantageous as the total height of the full device stack
typically is constrained. Conversely, thicker prongs may
reduce resistance which means that the thickness of the
prongs tend to be a trade-off.

[0032] The channel layers 150 may be formed as thin-
film layers. Each channel layer may be formed by a 2D
material such as a transition metal dichalcogenide (MX,)
or IGZ0. However, channel layers of semiconductor ma-
terials such as semiconductors of group IV (e.g. Si, Ge,
SiGe) or group llI-V (e.g. InP, InAs, GaAs, GaN) are also
possible.

[0033] The gate body 140 may be a metal body. The
common gate body 142 and the gate prongs 144 may be
formed of metal. Example metals include one or more
gate work function metal (WFM) layers and/or a gate
electrode fill layer. Examples of gate WFM material in-
clude conventional n-type and p-type effect WFM metals,
such as TiN, TaN, TiAl, TiAIC or WCN, or combinations
thereof. Examples of gate fill material gate include Wand
Al. A gate dielectric layer 146 is provided, separating the
gate body 140 from the channel layers 150 and the
source and drain layer prongs 124, 134. The gate die-
lectric layer 146 may be a conventional gate dielectric of
a high-k, such as HfO,, LaO, AlO and ZrO.

[0034] Fig. 2 is a cross-sectional view of the device
100, showing a portion of a section taken along plane A
and comprising a pair of source and drain prongs 124a,
134a and a pair of channel layers 150a, 150b. The pair
of channel layers 150a, 150b are arranged in abutment
/ direct contact with the pair of source and drain prongs
124a, 134a from mutually opposite sides, such that the
pair of prongs 124a, 134a are sandwiched between the
pair of channel layers 150a, 150b. The pair of source and
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drain prongs 124a, 134a and the pair of channel layers
150a, 150b are in turn arranged in a space between a
pair of gate prongs 144a, 144b.

[0035] The channel layer 150a (representing a lower
channel layer of the pair) comprises a first side 150aa
(e.g. forming a topside of the channel layer 150a) ar-
ranged in abutment with an underside 124aa of the
source prong 124a and an underside 134aa of the drain
prong 134a. The channel layer 150a comprises a second
side 150ab (e.g. forming an underside of the channel
layer 150a), oppositely oriented with respect to the first
side 150aa, and facing agate prong 144a. The gate prong
144a extends along the second side 150ab, i.e. in the X
direction. The gate dielectric layer 146a is sandwiched
between the gate prong 144a and the channel layer 150a.
Correspondingly, the channel layer 150b comprises a
first side 150ba (e.g. forming an underside of the channel
layer 150b), arranged in abutment with a topside 124ab
of the source prong 124a and a topside 134ab of the
drain prong 134a. The channel layer 150b comprises a
second side 150bb (e.g. forming a topside of the channel
layer 150b), oppositely oriented with respect to the first
side 150ba, and facing agate prong 144b. The gate prong
144b extends along the second side 150bb, i.e. in the X
direction. The gate dielectric layer 146b is sandwiched
between the gate prong 144b and the channel layer 150b.
[0036] As indicated by the dashed line boxes in Fig. 2,
the gate prong 144a and the source prong 124a may be
arranged to overlap with a first common region 150as of
the channel layer 150a such that the first common region
150as is located vertically between the source prong
124a and the gate prong 144a. Moreover, the gate prong
144a and the drain prong 134a may as shown be ar-
ranged to overlap with a second common region 150ad
ofthe channel layer 150a, such that that the second com-
mon region 150ad is located vertically between the drain
prong 134a and the gate prong 144a. L, (also shown in
Fig. 1) indicates the length of the common overlap re-
gions 150as, 150ad, as seen along the X direction. The
common overlap regions 150as, 150ad allow dynamic
doping of the channel layers 150a, 150b during operation
of the device 100, as will be further described below. A
corresponding configuration applies to the channel layer
150b wherein the gate prong 144b and the source prong
124a (drain prong 134a) are arranged to overlap with a
first (second) common region of the channel layer 150b
such that the first (second) common region is located
vertically between the source prong 124a (drain prong
134a) and the gate prong 144a. Accordingly, also the
channel layer 150b may like the channel layer 150a be
dynamically doped.

[0037] In Fig. 2, the overlap length L, is the same on
the source and the drain side, and also for the channel
layers 150a and 150b, but it is contemplated that the
lengths L, of the common overlap regions may be dif-
ferent from each other, e.g. due to process variations etc.
[0038] The overlap length Ly, may for example be in
the range from 1 nm (or less) to 4 nm (or greater). How-
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ever, a zero overlap length (L, = 0) is also envisaged.
Such a configuration may be used e.g. in case dynamic
doping is not desired or necessary, or in case a suffi-
ciently strong dynamic doping is induced already by a
fringing electrical field of the gate body. Regardless of
the particular value of the overlap length L, the design
of the device 100 allows a reduced CPP (indicated in
Fig.1) compared to conventional finFET and nanosheet-
based devices. The CPP of the device 100 may by way
of example be in the range of 20 to 50 nm.

[0039] Further shown in Fig. 2 is a spacer layer 162
arranged level with and between the pair of source and
drain prongs 124a, 134a. The spacer layer 162 may be
formed as an insulating layer such thatthe channel layers
150a, 150b may be electrically insulated from each other
along the length of their respective channel regions
150ac, 150bc.

[0040] As indicated in Fig. 1, the configuration shown
in Fig. 2 may be applicable to one or more further pair of
source and drain prongs. For example, in Fig. 1 the top
as well as middle pair of source and drain prongs 124,
134 are arranged in abutment with a respective pair of
channel layers 150, and arranged between a respective
pair of gate prongs 144. It is to be noted that the number
of pairs of source and drain prongs 124, 134, channel
layers 150, and gate prongs 144 may both be smaller
and greater than shown in Fig. 1. As exemplified by the
bottom pair of source and drain prongs 124, 134, it is
also possible to arrange only a single channel layer 150
in abutment with a pair of source and drain prongs 124,
134, and a gate prong 144 may be provided on only a
single side of the channel layer 150 and source and drain
prongs 124, 134. According to alternative embodiments,
each pair of source and drain prongs 124, 134 may be
arranged in abutmentwith a pair of channel layers, and/or
each pair of source and drain prongs 124, may be ar-
ranged in a space between a respective pair of gate
prongs 144 (implying the number of gate prongs being
one greater than the number of pairs of source and drain
prongs). According to further alternative embodiments,
only a single channel layer 150 may be arranged in abut-
ment with each pair of source and drain prongs 124, 134a
(e.g. atopside 124ab or underside 124aa thereof). More
generally, the source and drain bodies may comprise at
least two pairs of source and drain prongs, respectively,
the gate body may comprise at least three gate prongs,
and the set of channel layers may comprise one or two
channel layers extending between each of the at least
two pairs of source and drain prongs.

[0041] Withreferenceto Fig. 1 again, the common gate
body portion 142 is co-extensive with the gate prongs
144 along the X direction. Accordingly, also the common
gate body portion 142 may extend horizontally along the
first and second common regions of each channel layer
150 (e.g. 150as, 150ad). For a pair of source and drain
prongs such as 124a, 134a shown in Fig. 2, the pair of
gate prongs 144a, 144b may together with the sub-por-
tion of the common gate body portion bridging / connect-
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ing the pair of gate prongs 144a, 144b form a tri-gate with
respect to the pair of channel layers 150a, 150b and
source and drain prongs 124a, 134a, i.e. surrounding on
three sides (above, below and laterally). Coextensive
gate body portion 142 and gate prongs 144 is however
not a requirement on the device 100, among others since
a common overlap of a channel layer 150 by the source
and drain prong 124, 134 and the gate prong 144 is suf-
ficient to allow dynamic doping.

[0042] As further shown in Fig. 1, a distal end 144e of
each gate prong 144 may be separated from a respective
side surface / sidewall surface 122s, 132s of the common
source and drain body portions 122, 132 by at least the
thickness of the gate dielectric layer 146. Further sepa-
ration may be provided by a further (not shown) dielectric
spacer. The thickness (along the Y direction) of the die-
lectric material may by way of example be about 5 nm or
greater. Meanwhile, a distal end 124e of each source
prong 124 (and correspondingly the distal end of each
drain prong 134) may be separated from a respective
sidewall surface of the common gate body portion 142
by at least the gate dielectric 146 and possibly a further
dielectric spacer. To accommodate for the respective di-
electric separation, a horizontal separation, along the Y
direction, between the common gate body portion 142
and the common source and drain body portions 122,
132 may exceed a respective length of the gate prongs
144 and source/drain layer prongs 124, 134.

[0043] Fig. 1 additionally shows an insulating layer 162
or "insulating wall" separating the source body 120 from
the drain body 130 along the X direction.

[0044] Fig. 1 additionally shows an insulating layer 164
delimiting a length dimension of the gate body 140 along
the X direction. The insulating layer 164 may separate
the gate body 140 from the gate body of a further FET
device provided after and aligned with the device 100,
as viewed along the first horizontal direction X. A corre-
sponding insulating layer may be provided at the source
side. Accordingly, first and second dielectric layer por-
tions (formed by the layer 164) may be arranged in the
spaces between the source and drain layer prongs 124,
134 such that each gate prong 144 is arranged interme-
diate a respective pair of first and second dielectric layer
portions (see portions 164a, b in Fig. 2). The insulating
layers 162 and 164 may each be formed of an oxide or
nitride, such as SiO,, SiN, SiCBN, SiCON or SiCO.
[0045] As mentioned above, the common overlap re-
gions (e.g. 150as, 150ad shown in Fig. 2) allow dynamic
doping of the channel layers 150 during operation of the
device 100. Accordingly, the gate body 140 may, when
the field-effect transistor 110 is switched to an active
state, induce, in each channel layer 150, an electrostatic
doping in the first and second common regions (e.g. re-
gions 150as, 150ad). Additionally, the gate body 140 may
induce a channel region 150ac extending between and
thus connecting the first and second common regions of
each channel layer 150.

[0046] The charge carriers added to the common re-
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gions may be electrons or holes, depending on the volt-
age applied. When increasing the carrier concentration
when the carrier is holes, a negative voltage may be ap-
plied, which lowers the electron concentration and there-
by increases the hole concentration.

[0047] The first and second common regions of each
channel layer 150 may thus present a respective first
doping level when the device 100 is inactive (e.g.
switched off), and arespective electrostatically increased
second doping level when the device 100 is active (e.g.
switched on). A lower charge carrier concentration when
the device 100 is inactive enables reduced SCE as off-
current leakage tend to increase with doping level. On
the other hand, an increased charge carrier concentra-
tion when the device 100 is active enables increased
drive current of the device 100 when active.

[0048] Because the second doping level may be elec-
trostatically increased by the gate voltage, the doping
level of the first and second common regions of the chan-
nel layers 150 are dynamically controlled in conjunction
with the on-/off control of the device 100 by the gate 140.
[0049] The channel layers 150 may be formed with a
uniform doping level. Doping diffusion which may result
during chemical doping may hence be mitigated. How-
ever, the channel layers 150 abutting the source and
drain prongs 124, 134 may also be chemically doped to
enable even greater source/drain doping concentrations
in the active state and reduced contact resistance (e.g.
with respect to the common source/drain body portions
122, 132).

[0050] Referringtodoping level of the common regions
of each channel layer when no voltages are applied to
the channel layers 150 (such as the doping level of the
channel layers when the device 100 is not used) as the
"un-gated" doping level, the device 100 allows inducing
afirstdoping level inthe common regions of each channel
layer 150 less than the un-gated doping level. That is,
the gate bias when the transistor is inactive may electro-
statically deplete the first and second common regions.
This may further lower the doping level of the first and
second common regions when the transistor is inactive,
which further mitigates SCE such as a poor SS.

[0051] As an example, an intrinsic doping level of the
channel layers 150 may be 1010 cm-3to 1019 cm-3, while
a chemical (i.e. non-electrostatic) doping may e.g. be in
the magnitude of 1020 cm-3.

[0052] The thickness (i.e. as seen along the vertical Z
direction) of the channel layers 150 may, depending e.g.
on the material selection, be about 10 nm or less. For
example, a thickness in the range from 3 to 7 nm may
be used for Si-, SiGe- or Ge- channel layers 150, while
1 nm or less may be appropriate for thin-film layers. If
the thickness of the channel layers 150 is sufficiently low,
the gate 140 may induce a channel though the entire
thickness of the channel layers 150.

[0053] Ifthereis no predetermined chemical doping of
the channel layers 150, then depending on the voltage
applied by the gate 140, different charge carriers (elec-
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trons or holes) may be electrostatically doped in the first
and second common regions of the channel layers 150.
Thereby, the same device 100 may act as an NMOS or
PMOS depending on the control of the gate 140.
[0054] Fig. 3 is a schematic top-down view of an ar-
rangement of FET devices according to a further embod-
iment comprising a first FET device 100 and a second
FET device 200, each having a design according to the
above described FET device 100. In Fig. 3, elements of
device 200 are numbered 2NN, respectively, wherein the
last two digits NN corresponds to an element 1NN of the
device 100 as shown in Figs. 1 and 2. To avoid undue
repetition, a description of like elements will not be re-
peated. Directions X and Y in Fig. 3 correspond to hori-
zontal directions, parallel to a (not shown) supporting
substrate. The first and second device 100, 200 each
comprise a respective source body 120, 220, a respec-
tive drain body 130, 230, a respective gate body 140,
240, and a respective set of channel layers 150, 250.
[0055] The first and second device 100, 200 are ar-
ranged beside each other (e.g. on a substrate like sub-
strate 102) in a parallel fashion, i.e. such that the channel
directions of the devices 100, 200 extend in parallel, (i.e.
along the X direction).

[0056] The gate bodies 140, 240 share acommon gate
body portion (for consistency indicated by a double des-
ignation 142, 242) arranged intermediate the sets of
channel layers 150, 250. The gate prongs 144, 244 thus
protrude from the shared common gate body portion 142,
242 in opposite lateral directions (along the Y and -Y
direction respectively). Correspondingly, the source and
drain prongs of the source and drain bodies 120, 130 and
the source and drain prongs of the source and drain bod-
ies 220, 230 protrude in opposite horizontal directions
from the respective common body portions 122/132,
222/232 (prongs of bodies 120/130 along the +Y direction
and prongs of bodies 220/230 along the -Y direction).
[0057] The arrangement may e.g. be comprised in a
CMOS device wherein the first FET device 100 may be
configured to operate as an n-type FET and the second
FET device may be configured to operate as a p-type
FET 200. The devices 100, 200 may e.g. form part of a
same circuit cell (e.g. a functional cell, a logic cell) of an
integrated circuit.

[0058] The arrangement/ circuit cell may as indicated
in Fig. 3 comprise a number of further corresponding FET
devices arranged along a same respective set of channel
layers 150, 250, representing respective "tracks". Each
ofthese further devices may comprise respective source,
drain and gate bodies with a configuration like those of
device 100, 200.

[0059] The FET device 100 disclosed above may be
fabricated using a combination of semiconductor device
processing techniques typical for CMOS FET device fab-
rication, e.g. including but not limited to epitaxy, pattern-
ing (e.g. litho-etch or multiple patterning techniques such
as spacer-assisted techniques), spacer formation, metal
deposition, doping, etc. Example process techniques for
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forming a FET device, e.g. the FET device 100, will now
be described with reference to Figs. 4a-b through 20a-b.
[0060] Figs. 4a-b through 14a-b depict method steps
for forming a fin structure which may be used as a pre-
cursor for the subsequent method steps for completing
the FET device, as depicted in Figs. 15a-b through 20a-b.
[0061] Reference willin the following be made to a first
fin part 1010s, a second fin part 1010d and a third fin part
1010c of a fin structure 1010, intermediate the first and
second fin parts 1010s, 1010d (e.g. Fig. 10a). The first
fin part 1010s corresponds to a part of the fin structure
1010 located in a source region of the FET device to be
formed. The second fin part 1010d corresponds to a part
of the fin structure 1010 located in a drain region of the
FET device to be formed. The third fin part 1010c corre-
sponds to a part of the fin structure 1010 located in a
gate region of the FET device to be formed.

[0062] The following description will mainly refer to
processing steps applied to one set of such first, second
and third fin parts 1010s, 1010d, 1010c, to enable forming
of one FET device along a fin structure 1010. However,
corresponding processing steps may be applied to a
number of such sets of fin parts along the fin structure
1010 to allow forming of a number of corresponding FET
devices along a same fin structure 1010.

[0063] As will be described in further detail, the method
comprises etching each of the first and the second fin
part 1010s, 1010d of the fin structure 1010 laterally from
a first side 1010a such that a set of source cavities and
a set of drain cavities 1048 are formed in the first fin part
1010s and the second fin part 1010d, respectively (e.g.
Figs. 15a, 15b). Subsequently, a source body 1120s and
a drain body 1120d are formed, each comprising a re-
spective common body portion 1122 along the first side
1010a and a set of prongs 1124 protruding from the re-
spective common body portion into the source and drain
cavities 1048, respectively (e.g. Figs. 16a, 16b). The
method further comprises etching the third fin part 1010c
laterally from the second side 1010b such that a set of
gate cavities 1060 is formed in the third fin part 1010c
(e.g. Figs. 18a, 18b). Subsequently, a gate body 1140 is
formed comprising a common gate body portion 1142
along the second side and a set of gate prongs 1144
protruding from the common gate body portion into the
gate cavities 1060 (e.g. Figs. 19a, 19b).

[0064] Figs. 4a-b depict cross sections of a layer stack
1000 along respective vertical planes C-C’and A-A’. The
layer stack 1000 is formed on a substrate 1102. The sub-
strate 1102 may e.g. be a substrate in accordance with
any of the examples provided in connection with sub-
strate 102 of Fig. 1. The layer stack 1000 comprises an
alternating sequence of sacrificial layers 1002, 1006 and
channel layers 1004, wherein the sacrificial layers 1002,
1006 are alternatingly first sacrificial layers 1002 and sec-
ond sacrificial layers 1006. The second sacrificial layers
1006 may also be denoted "second non-channel layers".
[0065] Eachlayer 1002, 1004, 1006 may be formed as
a layer of epitaxial (i.e. epitaxially grown/formed/depos-
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ited) semiconductor material. The layers 1002, 1004,
1006 may be grown on the substrate 1102 in an epitaxy
process, such as physical vapor deposition (PVD) or
chemical vapor deposition (CVD).

[0066] According to the illustrated example, each first
sacrificial layer 1002 is formed of a first semiconductor
material, each second sacrificial layer 1006 is formed of
a second semiconductor material, and each channel lay-
er 1004 is formed of a third semiconductor material. The
first through third semiconductor materials hereby refers
to different semiconductor materials, e.g. different epi-
taxial semiconductor materials. The first semiconductor
material may also be denoted "sacrificial semiconductor
material". The second semiconductor material may also
be denoted "second layer material". The third semicon-
ductor material may also be denoted "channel material".
[0067] The first through third semiconductor materials
may be chosen to provide an etch contrast between the
layers 1002, 1004, 1006. The materials may in particular
be chosen to facilitate selective removal of the first sac-
rificial layers 1002 to the channel layers 1004 and the
second sacrificial layers 1006, and subsequently selec-
tive removal of the second sacrificial layers 1006 to the
channel layers 1004. The term "selective" in connection
with "removal" or "etching" of a layer or a material is here-
in to be understood as a removal of the layer or the ma-
terial by a selective etching process, wherein a removal
rate/ etch rate of the layer or the material to be selectively
removed / etched exceeds a removal rate / etch rate of
atleast one other layer or material exposed to the etching
process.

[0068] According to some examples, the channel lay-
ers 1004 may be formed of SiGe,, the second sacrificial
layers 1006 may be formed of SiGe, and the first sacri-
ficial layers 1002 may be formed of SiGe,, with 0 <x <y
< z. The compositions of the first and second sacrificial
layers 1002, 1006 may more specifically be y = x + d4
andz=y+d,withd,,d,>0.25. Theserelative proportions
of Ge content may facilitate an efficient selective removal.
According to some examples, the channel layers 1004
may be formed of Si (i.e. SiGe,-), the second sacrificial
layers 1006 may be formed of SiGe, ,5 and the first sac-
rificial layers 1002 may be formed of SiGe, 5. More gen-
erally, the layers 1002, 1004, 1006 may be formed of any
combination of semiconductor materials compatible with
the subsequent selective processing steps to be de-
scribed. For example, the first and second sacrificial lay-
ers 1002, 1006 may be SiGe layers as set out above
while the channel layers 1004 may be thin-film layers,
e.g. formed by a 2D material such as a transition metal
dichalcogenide (MX,) or IGZO. Such a stack may be
formed using e.g. CVD or layer transfer techniques as
per se is known in the art. According to a further example,
the layers 1002, 1004, 1006 may be formed of different
group llI-V semiconductor material.

[0069] The number oflayers of the depicted layer stack
1000is merely an example and the number may be small-
er or greater than depicted. As may be appreciated from
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the following, the number of layers of the layer stack 1000
may be selected inaccordance with the number of layers,
source/drain prongs and gate prongs desired in the fin-
ished FET device (c.f. e.g. channel layers 150,
source/drain prongs 124/134 and gate prongs 144 of the
device 100).

[0070] According to some examples, the layer stack
1000 may comprise, e.g. one or more units of (in the
illustrated example one such unit), a consecutive se-
quence of a (lower) second sacrificial layer 1006, a (low-
er) channel layer 1004, a first sacrificial layer 1002, a(n)
(upper) channel layer 1004 and a(n) (upper) second sac-
rificial layer 1006. This facilitates forming a FET device
comprising a pair of gate prongs, and between the gate
prongs, a pair of source and drain prongs and a pair of
channel layers in abutment with the pair of source and
drain prongs.

[0071] InFigs. 5a-b the layer stack 1000 has been pat-
terned to form a number of fin structures 1010. A longi-
tudinal dimension, a width dimension, and a height di-
mension of each fin structure 1010 is respectively orient-
ed along afirst horizontal direction X, a second horizontal
direction Y and a vertical direction Z, in relation to the
substrate 1102. Each fin structure 1010 comprises a fin-
shaped layer stack comprising an alternating sequence
of layers corresponding to the alternating sequence of
the layer stack 1000. That is, each fin structure 1010
comprises an alternating sequence of sacrificial layers
1002, 1006 and channel layers 1004, wherein the sacri-
ficial layers 1002, 1006 are alternatingly first sacrificial
layers 1002 and second sacrificial layers 1006. The lay-
ers 1002, 1004, 1006 may be patterned to define corre-
sponding nanosheets of each fin structure 1010, and may
accordingly be referred to as sacrificial nanosheets 1002,
1006 and channel nanosheets 1004. Reference signs
1010a and 1010b denote respectively a first side of the
fin structure 1010 and a laterally opposite second side
of the fin structure 1010. Reference may in the following
also be made to a first/second side surface of the fin
structure, which term is to be understood as a (physical)
surface of the first/second side 1010a/1010b of the fin
structure 1010. For convenience, reference signs 1010a,
1010b may be used torefer to either the first/second sides
or the first/second side surfaces of the fin structure 1010,
in accordance with the context.

[0072] The layer stack 1000 may as shown be pat-
terned by etching the layer stack 1000 while using a mask
1008 (which may be denoted "fin patterning mask 1008"
and also is shown in Figs. 4a and 4b) as an etch mask.
Example etching processes for the fin patterning include
anisotropic etching (top-down) like reactive ion etching
(RIE). The etching of the layer stack 1000 may as shown
extend into the substrate 1102. The substrate 1102 may
thus be recessed adjacent the fin structures 1010 such
that a base portion of each fin structure 1010 is formed
in the substrate 1102. Recessing the substrate 1102 in
this manner may accommodate for a thicker bottom iso-
lation underneath the source, drain and gate bodies.
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[0073] The mask 1008 may be formed by a mask ma-
terial deposited on the layer stack 1000 and then pat-
terned. Example mask materials include nitride materials
such as SiN, or another conventional hard mask material
suitable for fin patterning, e.g. SiO, or a-Si. Example pat-
terning techniques for the mask 1008 include single-pat-
terning techniques, e.g. lithography and etching, and
multiple patterning techniques, e.g. self-aligned double
or quadruple patterning (SADP or SAQP).

[0074] The figures depictthe mask 1008 as comprising
two mask portions, commonly referenced 1008, such that
two fin structures 1010 may be formed. The two fin struc-
tures 1010 may for example be used to form a comple-
mentary pair of FET devices, e.g. an n-type FET and a
p-type FET as depicted in Fig. 3. As may be appreciated,
mask portions may however be formed in a number cor-
responding to the number of fin structures 1010 to be
formed. In any case, a mask portion 1008 may remain
on each fin structure 1010 as a capping during subse-
quent stages of the method.

[0075] Reference will in the following mainly be made
to one fin structure 1010 however the following descrip-
tion applies correspondingly to any further fin structures.
[0076] In Figs. 6a-b a cover material has been depos-
ited to form a liner 1012 along the first and second sides
1010a, 1010b of the fin structure 1010, in particular on
the first and second side surfaces 1010a, 1010b of the
fin structure 1010. A fill layer 1014 has further been
formed, embedding the fin structure 1010. The fill layer
1014 may also be denoted "processlayer". Theliner 1012
may be formed of a dielectric material, e.g. an oxide such
as SiO,, or a nitride such as SiN or another low-k dielec-
tric such as SiCO. The liner 1012 may be conformally
deposited, e.g. using atomic layer deposition (ALD). The
liner 1012 may among others mask the fin structure 1010
from subsequent process steps, such as the formation
of the fill layer 1014. The fill layer 1014 may be formed
of afill or process material in the form of a dielectric, e.g.
an oxide such as SiO,. The fill layer 1014 may be depos-
ited over the substrate 1102, e.g. using CVD, to embed
the fin structure 1010. For example, the fill layer 1014
may be formed of flowable CVD (FCVD) SiO,. After the
deposition the fill layer 1014 may be planarized, e.g. us-
ing Chemical Mechanical Planarization (CMP). As shown
in Fig. 6b, thefill layer 1014 may further be recessed (e.g.
by CMP or etch-back) to become flush with an upper
surface of the mask portion 1008, or alternatively an up-
per surface of the fin structure 1010 if the mask portion
1008 is removed. According to some examples, a further
recessing may however be omitted such that the fin struc-
ture 1010 (and mask portion 1008) remains completely
covered by the fill layer 1014. According to some exam-
ples, the fill layer 1014 may also be formed by a self-
planarizing spin-on layer, e.g. an organic spin-on layer
such as spin-on-carbon (SOC), thus obviating the need
for a CMP step after deposition.

[0077] In Figs. 7a-b a trench 1018 has been formed
alongside the fin structure 1010 to expose the fin struc-
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ture 1010 from the second side 1010b. In particular, the
trench 1018 is formed selectively along the second side
1010b of the fin structure 1010, i.e. along the second side
1010b but not along the directly opposite first side 1010a
of the fin structure 1010. As shown, the trench 1018 may
be formed by etching the fill layer 1014 through an open-
ing in a mask 1016 (a "trench etch mask 1016") formed
over the fill layer 1014 and the fin structure 1010. More
specifically, the opening may be defined to extend over
and along the second side 1010b but not the first side
1010a of the fin structure 1010. The mask 1016 may for
example be formed by a suitable hard mask material (e.g.
oxide or nitride), wherein the opening may be defined by
lithography and etching. Example etching processes for
forming the trench 1018 include anisotropic etching (top-
down) like RIE as well as isotropic (wet or dry) etching.
[0078] Dependingon an etch contrast between the lin-
er 1012 and the fill layer 1014 the liner 1012 may be
removed from the second side surface 1010b during the
etching of the fill layer 1014, or thereafter using a sepa-
rate dedicated (e.g. isotropic) etch step.

[0079] Thetrench 1018 allows the first sacrificial layers
1002 to be accessed from the trench 1018 and etched
laterally and selectively to the second sacrificial layers
1006 and the channel layers 1004. This is reflected in
Figs. 8a and 8b wherein the first sacrificial layers 1002
have been removed from the fin structure 1010 to form
a set of longitudinal gaps or cavities 1020 in the fin struc-
ture 1010 at locations previously occupied by the first
sacrificial layers 1002. The first sacrificial layers 1002
may e.g. be removed from the fin structure 1010 by se-
lective etching of the first semiconductor material to the
second and third semiconductor material. A (wet or dry)
isotropic etching process may be used. For example, se-
lective etching of SiGe, to SiGe, and SiGe, (with 0 <= x
<y < z) may be achieved using an HClI-based dry etch,
wherein a greater difference in Ge-content among the
layers 1002, 1004, 1006 may confer an increased etch
contrast. A further example is selective etching using an
ammonia-peroxide mixture (APM). However, other etch-
ing processes allowing selective etching of higher Ge-
content SiGe-material to lower Ge-content SiGe layers
(and Si-layers) are per se known in the art and may also
be employed for this purpose.

[0080] To facilitate removal of the first sacrificial layers
1002 along its full length the trench 1018 may be formed
to expose the side surface 1018b of the fin structure 1010
along the full longitudinal dimension thereof.

[0081] The liner 1012 and the fill layer 1014 may form
a support structure supporting or tethering the fin struc-
ture 1010, thus counteracting collapse of the fin structure
1010 during and after the removal of the first sacrificial
layers 1002. As shown in Fig. 8b, the mask 1016 may
remain when forming the gaps 1020. However, according
to alternative examples the mask 1016 may be removed,
wherein the liner 1012 and the fill layer 1014 on their own
may support the fin structure 1010 during removal of the
first sacrificial layers 1002.



19 EP 4 191 668 A1 20

[0082] The trench 1018 may as shown be formed at a
position between the pair of fin structures 1010 to expose
the mutually facing side surfaces thereof. The sacrificial
layers 1002 may hence be removed from two adjacent
fin structures 1010 using a same trench 1018.

[0083] In Figs. 9a and 9b first dielectric layers 1022
(e.g. alsoin the shape of nanosheets) have been formed
in the gaps 1020 by filling the cavities with a dielectric
material. The first dielectric layers 1022 may also be de-
noted "first non-channel layers". The dielectric material
may e.g. be an oxide or a nitride material, such as SiO,
or SiN or (low-k). Further examples include SiCO, Si-
OCN, SiCN, SiON, SiBCN and SiBCNO. To facilitate sub-
sequent selective processing steps, to be described be-
low, the first dielectric layers 1022 may be formed of a
different material than the liner 1012. For example, the
liner 1012 may be formed of a nitride (e.g. SiN) and the
first dielectric layers 1022 may be formed of an oxide
(e.g. SiO,). The dielectric material may be conformally
deposited, e.g. using atomic layer deposition (ALD), such
that the gaps 1020 are completely filled with the dielectric
material. The deposition may be followed by an etch step
(wet or dry, isotropic or anisotropic top-down) to remove
dielectric material deposited outside the gaps 1020.
[0084] After forming the first dielectric layers 1022 the
cover material of the liner 1012 may as shown be re-
deposited along the second side 1010b (e.g. by ALD).
The mask 1016 may for example be removed prior to
forming the first dielectric layers 1022, or subsequent
thereto and prior to re-depositing the liner 1012.

[0085] Afterremovingthe mask 1016, thefilllayer 1014
may be etched back to expose the liner 1012 along the
first side 1010a, thus arriving at the structure shown in
Fig. 9b. According to some examples, the fill layer 1012
may instead be completely removed / etched-back and
a dielectric material (e.g. SiO,) may be (re-deposited) to
serve as a bottom dielectric layer.

[0086] As may be appreciated from the following, the
first dielectric layers 1022 may be used to form dielectric
spacers between pairs of source and drain prongs and
additionally passivate surfaces of the channel layers
1004 of the finished FET device. Replacing the first (sem-
iconductor) sacrificial layers 1002 by the first dielectric
layers 1022 may additionally enable an increased etch
selectivity among the layers of the fin structure 1010, thus
facilitating subsequent process steps.

[0087] Figs. 10a and 10b through 12a and 12b depict
process steps which may be performed to additionally
introduce a longitudinal etch contrast / etch selectivity in
the layers 1004, 1006, 1022 by using an ion implantation
process to introduce variable etch properties along the
longitudinal dimension. More specifically, as will be set
out below the ion implantation process may be adapted
to introduce an increased concentration of dopants in
each of the first fin part 1010s and the second fin part
1010d, compared to the third fin part 1010c.

[0088] In Figs. 10a and 10b an ion implantation mask
1024 has been formed across the fin structure(s) 1010
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1"

to alternatingly define masked regions 1028 and non-
masked regions 1030 along the fin structure 1010. The
extension of the non-masked regions 1030 are indicated
by dashed bounding boxes. As indicated in Fig. 10a, one
of the masked regions 1028 is defined to overlap / com-
prise the third fin part 1010c, while a pair of the non-
masked regions 1030 are defined to overlap / comprise
the first and second fin parts 1010s, 1010d.

[0089] The masked regions 1028 correspond to
source/drain regions of the FET to be formed, i.e. regions
in which source/drain bodies will be formed. The masked
regions 1030 correspond to the gate regions of the FET
to be formed, i.e. regions in which gate bodies will be
formed. Owing to this correspondence, each region 1028
may in the following be denoted "gate region 1028", and
each region 1030 may be denoted "source/drain region
1030". In other words, the ion implantation mask 1024 is
defined to mask each gate region 1028 and expose each
source/drain region 1030.

[0090] As depicted in the figures, the mask 1024 may
comprise a number of mask portions, commonly refer-
enced 1024, to define a number of masked and non-
masked regions 1028 such that ion implantation may be
counteracted in a number of regions or fin parts like
1010c. The mask 1024 may be formed of one or more
layers of a hardmask material, for example a nitride-com-
prising hardmask such as SiN or a-Si. However, any con-
ventional material suitable to form part of an ion implan-
tation mask may be used. The mask 1024 may be pat-
terned using single- or multi-patterning techniques.
[0091] In Figs. 11a and 11b the fin structure 1010 has
been subjected to an ion implantation process (schemat-
ically indicated "I") wherein the first dielectric layers 1022,
the second sacrificial layers 1006 and the channel layers
1004 have been provided with an increased concentra-
tion of dopants in the non-masked (source/drain) regions
1030 compared to the masked (gate) regions 1028. Ac-
cordingly, the first and second fin parts 1010s, 1010d
have been provided with an increased concentration of
dopants compared to the third fin part 1010c. Any type
of ion implant affecting the etch rate in the intended man-
ner may be used.

[0092] Fig. 12b depict a cross section of the fin struc-
ture(s) 1010 along the vertical plane B-B’ indicated in Fig.
12a after the liner 1012 has been partially opened to ex-
pose each of the first and second fin parts 1010s, 1010d
from each of the first and second sides 1010a, 1010b.
The third fin part 1010c remains covered from each of
the first and second sides 1010a, 1010b. As shown, the
liner 1012 may be etched while using the mask 1024
extending across the fin structure 1010 as an etch mask.
The side surfaces 1010a, 1010b of the fin structure 1010
may thus be exposed in regions 1030 not covered by the
mask 1024. The liner 1012 may be removed using an
isotropic etching process, wet or dry. The cross section
of Fig. 12b shows the second fin part 1010d but is rep-
resentative also for the first fin part 1010s.

[0093] In Figs. 12a and 12b, the "ion implantation
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mask" 1024 is used also as an etch mask while removing
the liner 1012. However, the mask 1024 may according
to other examples be removed after the ion implantation
process and a new dedicated liner opening mask extend-
ing across the fin structure(s) 1010 may be formed. The
mask 1024, or the liner opening mask, may as shown be
removed after opening the liner 1012. However the mask
1024 may alternatively remain also during the subse-
quent etching of the second sacrificial layers 1006 de-
scribed below, to be removed thereafter.

[0094] The partially openedliner 1012 may accordingly
together with the capping 1008 define a mask structure
covering the fin structure 1010 from both sides 1010a,
1010b in the gate regions 1028 (e.g. the third fin part
1010c), and defining openings exposing the fin structure
1010 from both sides 1010a, 1010b in the source/drain
regions 1030 (e.g. the first and second fin parts 1010s,
1010d). The mask structure thus allows the second sac-
rificial layers 1006 to be accessed and etched laterally
and selectively to form cavities 1032 in the source/drain
regions 1030, e.g. in the first and second fin parts 1010s,
1010d. This is reflected in Figs. 13a and 13b wherein
portions of each second sacrificial layer 1006 have been
removed in regions 1030 to form the cavities 1032 by
etching the second sacrificial layers 1006 from both sides
1010a, 1010b. The cavities 1032 may as shown extend
completely through the fin structure 1010, along the Y
direction. Portions of the channel layers 1002 and first
dielectric layers 1022 may remain in the regions 1030,
e.g. in the first and second fin parts 1010s, 1010d. The
liner 1012 remaining in the regions 1028 may provide
additional support to the fin structure 1010 during and
after the forming of the cavities 1032. The second sacri-
ficial layers 1006 may be etched selectively to the first
dielectric layers 1022 and the channel layers (e.g. by
selective etching of the second semiconductor material
to the first dielectric material and the third semiconductor
material). A (wet or dry) isotropic etching process may
be used. For example, selective etching of SiGey to
SiGe,<y, SiO, and SiN may be achieved using an HCI-
based dry etch or APM.

[0095] Etching the second sacrificial layers 1006 from
both sides 1010a, 1010b may facilitate control of the etch-
ing profile between the portions of the second sacrificial
layers 1006 being removed and those being preserved.
By additionally introducing a longitudinal etch contrast /
etch selectivity in the second sacrificial layers 1006 using
the aforementioned ion implantation process, a tendency
of an isotropic etching of the second sacrificial layers
1006 causing a curved or rounded etch front may be re-
duced. Moreover, the longitudinal etch contrast may fa-
cilitate localizing the forming of the cavities 1032 to the
regions 1030 (e.g. to the first and second fin parts 1010s,
1010d) by providing a reduced etch rate of the un-doped
portions of the second sacrificial layers 1006 in the re-
gions 1028 (e.g. the third fin part 1010c) compared to the
doped portions of the second sacrificial layers 1006 in
the regions 1030 (e.g. the first and second fin parts
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1010s, 1010d). Accordingly, the selective etching may
further be adapted to etch the doped second semicon-
ductor material of the first and second fin parts 1010s,
1010d selectively to the un-doped second semiconductor
material of the third fin part 1010c.

[0096] Itisto be noted thatby using an isotropic etching
process to form the cavities 1032, a longitudinal dimen-
sion of the openings in the liner 1012 (along the X direc-
tion) may be smaller than a longitudinal dimension of the
source/drain regions 1030. In other words, the openings
need not be coextensive with the regions 1030 (along
the X direction). This may be achieved by opening the
liner 1012 as discussed in connection with Figs 12a and
12b using a liner opening mask with reduced dimension
openings along the X direction compared to the ion im-
plantation mask 1024.

[0097] In Figs. 14a and 14b, second dielectric layers
1034 (e.g. also in the shape of nanosheets) have been
formed in the cavities 1032 by filling the cavities 1032
with a second dielectric material. The second dielectric
material may e.g. be an oxide or a nitride material, such
as any of the examples mentioned in connection with the
liner 1012. The second dielectric layers 1034 may in par-
ticular be formed of a same material as the liner 1012.
To facilitate subsequent selective processing steps, to
be described below, the second dielectric layers 1034
may be formed of a different material than the first die-
lectric layers 1022. The (second) dielectric material may
be conformally deposited, e.g. using ALD, such that the
cavities 1032 are completely filled with the dielectric ma-
terial. Although not reflected in Fig. 14b, the deposition
may be followed by an etch step (wet or dry, isotropic or
anisotropic top-down) to remove dielectric material de-
posited outside the cavities 1032. If the second dielectric
layers are formed of different material than the liner 1012,
the liner 1012 may be re-deposited along the sides of the
fin structure 1010, e.g. using a separate ALD step.
[0098] Figs. 15a and 15b and Figs. 16a and 16b illus-
trate process steps for forming a respective source/drain
body along each source/drain region 1030 of the fin struc-
ture 1010 (e.g. along the first and second fin parts 1010s,
1010d). Each source/drain body may form either a source
body 1120s (e.g. corresponding to source body 120 of
device 100) or a drain body 1120d (e.g. corresponding
to drain body 130 of device 100). Fig. 16a includes the
individual designations 1120s and 1120d while subse-
quentfigures forillustrational clarity include only the com-
mon designation 1120. Each source/drain body 1120
may comprise a common semiconductor source/drain
body portion 1122 arranged at the first side 1010a of the
fin structure 1010, and a set of vertically spaced apart
semiconductor source/drain layer portions or prongs
1124 protruding from the common source body portion
1122 in the Y direction. In Figs. 15a, 16a and onwards
the dashed bounding boxes indicating regions 1030 have
been omitted to not obscure the figures.

[0099] InFigs. 15a and 15b a cover material is depos-
ited along the first and second sides 1010a, 1010b of the



23 EP 4 191 668 A1 24

fin structure 1010, thereby forming a mask layer or cover
layer 1044 embedding the fin structure 1010. The cover
layer 1044 may be formed by a suitable cover material,
such as a self-planarizing spin-on layer, e.g. an organic
spin-on layer such as SOC. An opening or trench 1046
(e.g. "source/drain trench") is formed in the cover layer
1044, in each source/drain region 1030 of the fin structure
1010, along the first side 1010a but not along the directly
opposite second side 1010b of the fin structure 1010.
Openings or trenches 1046 have accordingly been
formed in the cover material, along the first and second
fin parts 1010s, 1010d, to expose each of the first and
second fin parts 1010s, 1010d from only the first side
1010a.

[0100] The trenches 1046 may be formed by etching
the cover layer 1044 through a respective opening in a
mask (a "source/drain trench etch mask", not shown)
formed over the cover layer 1044 and the fin structure
1010. Each opening may be defined to extend over and
along the first side 1010a but not the second side 1010b
of the fin structure 1010. The mask may for example be
formed by a suitable hard mask material (e.g. oxide or
nitride), wherein the opening may be defined by lithog-
raphy and etching. Example etching processes for form-
ing the trench 1046 include anisotropic etching (top-
down) like RIE. By etching the cover layer 1044 selec-
tively to the capping 1008 (and/or liner 1012 which may
be formed on the capping 1008) the trench 1046 may be
etched self-aligned with respect to the liner 1012 on the
side surface 1010a of the fin structure 1010.

[0101] After forming the trenches 1046, portions of the
liner 1012 exposed in each trench 1046 may be removed
from the first side surface 1010a of the first and second
fin parts 1010s, 1010d of the fin structure 1010. The por-
tions of the liner 1012 may be etched using a suitable
isotropic etching process (wet or dry).

[0102] The partially openedliner 1012 may accordingly
together with the capping 1008 and the cover layer 1044
(if not removed) define a mask structure covering the fin
structure 1010 from the second side 1010b in the
source/drain regions 1030 and gate regions 1028 (e.g.
the first, second and third fin parts 1010s, 1010d, 1010c),
and defining openings exposing the fin structure 1010
from the first side 1010a in the source/drain regions 1030
(e.g. the first and second fin parts 1010s, 1010d). The
mask structure thus allows the first dielectric layers 1022
to be accessed and etched laterally and selectively to
form cavities 1048 (e.g. "source/drain cavities") in the
source/drain regions 1030, e.g. in the first and second
fin parts 1010s, 1010d. The side surface portions of the
first dielectric layers 1022 exposed in the trenches 1046
may be laterally etched back (along the Y direction) from
the trenches 1046. The first dielectric layers 1022 may
be etched such that the cavities 1048 extend completely
through the fin structure 1010, along the Y direction. The
first dielectric layers 1022 may be etched such that por-
tions of the first dielectric layers 1022 remain in the gate
regions 1028 on opposite sides of the cavities 1048, e.g.
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in the third fin part 1010c. The first dielectric layers 1022
may be etched selectively to the second dielectric layers
1034 and the channel layers 1004 (e.g. by selective etch-
ing of the first dielectric material to the second dielectric
material and the third semiconductor material). A (wet or
dry) isotropic etching process may be used.

[0103] Byintroducing alongitudinal etch contrast/etch
selectivity in the first dielectric layers 1022 using the
aforementioned ion implantation process, a tendency of
anisotropic etching of the first dielectriclayers 1022 caus-
ing a curved or rounded etch frontmay be reduced. More-
over, the longitudinal etch contrast may facilitate forming
the cavities 1048 selectively in the source/drain regions
1030 by providing a reduced etch rate of the un-doped
portions of the first sacrificial layers 1022 in the gate re-
gions 1028 compared to the doped portions of the first
dielectric layers 1022 in the source/drain regions 1030.
Accordingly, the selective etching may further be adapted
to etch the doped first dielectric material of the first and
second fin parts 1010s, 1010d (e.g. in the source/drain
regions 1030) selectively to the un-doped first dielectric
material of the third fin part 1010c (e.g. in the gate regions
1028).

[0104] Itistobenoted thatby using an isotropic etching
process to form the cavities 1048, a longitudinal dimen-
sion of the trenches 1046 (along the X direction) may be
smaller than a longitudinal dimension of the source/drain
regions 1030. In other words, the trenches 1046 need
not be coextensive with the regions 1030 (along the X
direction). This is also reflected in Fig. 15a wherein the
cavities 1048 are shown to undercut the mask portions
1044.

[0105] After forming the cavities 1048, source/drain
material may be deposited to form the source/drain bod-
ies 1120, as shown in Figs. 16a and 16b. During the
source/drain material deposition the cover layer 1044
and/or the liner 1012 may mask the fin structure 1010
from the second side 1010b. The cover layer 1044 may
be removed prior to or subsequent to the source/drain
material deposition.

[0106] The source/drain bodies 1120 may be formed
by epitaxy of a semiconductor source/drain material. The
epitaxy may seed from top and bottom surface portions
of the channel layers 1004 exposed in the cavities 1048.
The material deposited in the cavities 1048 may form
prongs 1124 in contact/abutment with the channel layers
1004. The epitaxy may as shown be continued until the
source/drain material protrudes from the cavities 1048
to form body portions along the first side 1010. The epi-
taxay may subsequently be further continued such that
the (individual) body portions merges to define the com-
mon body portions 1122 along the first side 1010a. For
example, Si or SiGe may be epitaxially grown in contact
with Si or SiGe channel layers 1004, e.g. using selective
area epitaxy. The epitaxy may comprise an initial sub-
step of depositing a seed layer on the channel layers
1004 in the cavities, to facilitate growth of a remainder
of the source/drain bodies 1120. The source/drain ma-
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terial may be doped, e.g. by in-situ doping, with an n- or
p-type dopant, to form doped source/drain bodies, in con-
tact with the channel layers.

[0107] After the epitaxy, a contact etch stop layer
(CESL) may be deposited (e.g. by ALD) on the
source/drain bodies 1120. In the illustrated example, the
CESL is formed of a same material as the liner 1012, and
hence depicted as continuous with the liner 1012 and
indicated with the same reference sign. However, the
CESL may also be formed of a different suitable dielectric
hard mask material. The CESL may serve as a mask for
the source/drain bodies 1120 during subsequent process
steps.

[0108] As shown in Figs 17a and 17b, the process
steps shown in Figs. 15a and 15b through 16a and 16b
may be repeated at further fin structures, such as the
second fin structure 1010 (the rightmost fin structure in
Fig. 17b), to form corresponding source/drain bodies
1120 along the second fin structure. The source/drain
bodies 1120 along the second fin structure 1010 may
e.g. be formed with an opposite doping to the
source/drain bodies 1120 along the first fin structure
1010.

[0109] After depositing the source/drain material, the
fin structure 1010 may be embedded in a dielectric layer
1052, e.g. an oxide such as CVD or FCVD SiO,. The
dielectric layer 1052 may be recessed (e.g. by CMP
and/or etch back) to bring its upper surface flush with an
upper surface of the capping 1008 or (as shown) the liner
1012 / CESL thereon.

[0110] Figs.18a-b and Figs. 19a-b illustrate process
steps for forming a gate body 1140 in each gate region
1028, e.g. along the third fin part 1010c. The gate body
1140 comprises a common gate body portion 1142 ar-
ranged at the second side 1010b of the fin structure 1010,
and a set of vertically spaced apart gate prongs 1144.
Each gate prong 1144 protrudes from the common gate
body portion 1142 in the opposite direction to the prongs
1124 (along the -Y direction) into a space above or un-
derneath a respective channel layer 1004. In the illus-
trated example, the prongs 1144 in particular extend into
a space between a respective pair of channel layers
1004.

[0111] InFigs.18a-b,atrench 1056 (e.g. "gate trench")
has been formed alongside the fin structure 1010 in each
gate region 1028, along the second side 1010b thereof.
An opening or trench 1056 has accordingly been formed
in the dielectric layer 1052 along the third fin part 1010c,
to expose the third fin part 1010c from only the second
side 1010b.

[0112] The trench 1056 may as shown be formed by
etching the dielectric layer 1052 through an opening in a
mask 1058 (a "gate trench etch mask 1058") formed over
the dielectric layer 1052 and the fin structure 1010. More
specifically, the opening may be defined to extend over
and along the second side 1010b but not the first side
1011a of the fin structure 1010. The mask 1058 and
trench 1056 may be formed and etched respectively in
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a same manner as the source/drain trench etch mask
and the source/drain trench 1046, respectively.

[0113] Dependingon an etch contrast between the lin-
er 1012 and the dielectric layer 1052 the liner 1012 may
be removed from the second side surface 1010b during
the etching of the dielectric layer 1052, or thereafter using
a separate dedicated (e.g. isotropic) etch step.

[0114] The partially opened liner 1012 may accordingly
together with the capping 1008, the dielectric layer 1052
and the gate trench etch mask 1058 (if not removed)
define a mask structure covering the fin structure 1010
from the first side 1010b in the source/drain regions 1030
and gate regions 1028 (e.g. the first, second and third fin
parts 1010s, 1010d, 1010c), and defining openings ex-
posing the fin structure 1010 from the second side 1010b
in the gate regions 1028 (e.g. the third fin part 1010c).
The mask structure thus allows the portions of the second
sacrificial layers 1006 remaining in the gate regions 1028
(e.g. the third fin part 1010c) to be accessed from the
trench 1056 and etched laterally and selectively form cav-
ities 1060 (e.g. "gate cavities") in the gate regions 1028,
e.g. the third fin part 1010c. The side surfaces of the
portions of the second sacrificial layers 1006 exposed in
the trench 1056 may be laterally etched back (along the
-Y direction) from the trench 1056. The portions of the
second sacrificial layers 1006 may be etched such that
the cavities 1060 extend completely through the fin struc-
ture 1010, along the -Y direction. The etch may continue
until the portions of the second sacrificial layers 1006 are
removed from the fin structure 1010 (i.e. completely).
[0115] As may be appreciated from the above, the re-
maining portions of the second sacrificial/non-channel
layers 1006 correspond to portions of the second sacri-
ficial layers 1006 which have not been replaced by sec-
ond dielectric layers 1034 and may hence be of the sec-
ond semiconductor material, and in particular be un-
doped. The portions 1006 may hence be removed from
the fin structure 1010 by selective etching of the second
semiconductor material (e.g. being un-doped) to the first
dielectric material and the third semiconductor material.
[0116] As the portions of the second sacrificial layers
1006 remaining prior to forming the cavities 1060 are
surrounded by the second dielectric layers 1034 on either
side (as viewed along the longitudinal direction of the fin
structure 1010, i.e. the X direction) the cavity etch may
be confined to the regions 1028, e.g. the third fin part
1010c. The second semiconductor material may hence
further be etched selectively to the second dielectric ma-
terial such that the second dielectric layers 1034 may be
used as etch stop layers along the longitudinal direction
X of the fin structure 1010. A (wet or dry) isotropic etching
process may be used. For example, selective etching of
SiGey to SiGe, (with 0 < x <y) may as discussed above
be achieved e.g. using an HCl-based dry etch.

[0117] In Figs. 19a-b the gate body 1140 has been
formed, comprising the set of gate prongs 1144 in the
cavities 1060, and the common gate body portion 1142
in the trench 1056, merging the gate prongs 1144. The
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gate body 1140 is for illustrational clarity depicted as a
single piece-body, however may be formed by depositing
a stack of gate materials (a "gate stack") comprising a
gate dielectric layer, and one or more gate metals. The
gate dielectric layer may be a conventional gate dielectric
of a high-k, such as HfO,, LaO, AlO and ZrO. Examples
of gate metals include conventional work function metals,
such as TiN, TaN, TiAl, TiAIC or WCN, or combinations
thereof, and gate fill materials such as W and Al. Atleast
the gate dielectric layer and the WFM layer(s) may be
conformally deposited, e.g. by ALD, to facilitate deposi-
tion within the cavities 1060. During the gate formation,
the fin structure 1010 is masked from the first side 1010a
by the dielectric layer 1052, such that the common gate
body portion 1142 is formed selectively along the second
side 1010b.

[0118] The gate metal(s) may be recessed using e.g.
CMP and/or a metal etch back process to form recessed
gates 1140. The gates 1140 may as shown be recessed
to bring its upper surface flush with an upper surface of
the dielectric layer 1052. According to other examples,
the gates 1140 may be recessed to a level below the
upper surface of the dielectric layer 1052 and then then
be covered by a dielectric to restore the dielectric layer
1052 over the gates 1140.

[0119] As shown in Fig. 18b, the trench 1056 may be
formed at a position between the pair of fin structures
1010 to expose the mutually facing side surfaces thereof.
Cavities 1060 may hence be formed in two adjacent fin
structures 1010 using a same trench 1056 wherein the
gate body 1140 may be shared by the adjacent fin struc-
tures 1010.

[0120] As discussed with reference to the FET device
100, the gate prongs 144 and source/drain prongs 124/34
may be arranged to overlap respective common regions
150as/150ad of each channel layer 150a. According to
the example process, such a configuration may be facil-
itated by forming the cavities 1048 to extend into the gate
regions 1028 / the third fin part 1010c and/or the cavities
1060 to extend into the source/drain regions 1030 / the
firstand second fin parts 1010s, 1010d. As schematically
indicated by the dashed lines in Figs. 15a and 16a, the
cavities 1048 may be extended by etching the first die-
lectric layers 1022 by an additional amount L4 along
the X and -X directions, thereby enabling forming of cor-
respondingly extended/elongated source/drain prongs
1124. Correspondingly, as schematically indicated by the
dashed lines in Figs. 18a and 19a, the cavities 1060 may
be extended by partially etching the second dielectric lay-
ers 1034 by an additional amount L, along the X and
-X directions, thereby enabling forming of correspond-
ingly extended/elongated gate prongs 1144. Fig. 19a
schematically indicates the combined length L, = L4
+ Lo of the common overlap regions which may be ob-
tained in this manner. As discussed above, the isotropic
nature of these etching processes may result in rounded
profiles of the cavities 1048, 1060. Hence, the overlap
lengths L, Lo,1 and/or L,,», may each be understood as
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denoting maximum overlap lengths within the fin struc-
ture 1010, and that the precise overlap lengths may vary
along the width direction Y of the fin structure 1010.
[0121] InFigs. 20a-b source/drain contacts 1054 have
been formed on the source/drain bodies 1120. The con-
tacts 1054 may as shown be formed as wrap-around con-
tacts, i.e. wrapping around the common body portions
1122. Source/drain contact trenches may be patterned
in the dielectric layer 1052 and the liner 1012/ CESL may
be opened along the first side 1010a (e.g. using lithog-
raphy and etching) and one or more contact metals may
be deposited therein to form the source/drain contacts
1054. Examples of contact metals include W, Al, Ru, Mo
and Co. The contact metal(s) may be recessed using a
metal etch back process to form recessed contacts 1054.
The recessed contacts 1054 may then be covered by a
dielectric to restore the dielectric layer 1052 over the
source/drain contacts 1054. CMP may be applied to the
dielectric layer 1052. The dielectric layer 1052 may as
shown be recessed (e.g. by CMP and/or etch back) to
bring its upper surface flush with an upper surface of the
capping 1008.

[0122] Inthe above aprocess for forming a FET device
has mainly been described with reference to a limited
number of examples. However, as is readily appreciated
by a person skilled in the art, other examples than the
ones disclosed above are equally possible.

[0123] For example, the epitaxy of the source/drain
bodies 1120 discussed with reference to Figs. 16a-b may
be stopped before forming merged common semicon-
ductor body portions 1122. In this case, the (metal)
source/drain contacts 1054 may define common (metal)
body portions 1122, wrapping around ends of the prongs
1124. Also in a case where merged common semicon-
ductor body portion 1122 are formed, the contacts 1054
may be considered to form part of the common body por-
tions 1122, wherein the common body portions 1112 may
be formed as combined semiconductormetal common
body portions.

[0124] According to a further example, instead of epi-
taxial source/drain body portions and/or prongs, metal
source/drain bodies 1120 comprising metal source/drain
prongs 1124 and metal source/drain body portions 1122
may be formed, e.g. by depositing metal in the cavities
1048 and trenches 1046. Metal source/drain prongs 1124
may for example be combined with channel layers
formed by thin-film or 2D materials, such as a transition
metal dichalcogenide (MX,) or IGZO.

[0125] According to a further example, an ion implan-
tation process may be omitted. This may resultin an over-
all reduction of process complexity, albeit at a cost of less
precise control during e.g. the etching of the cavities
1032, 1048 and 1060. The method may according to such
an example proceed directly from the stage depicted in
Figs. 9a and 9b to the stage depicted in Figs. 12a and
12b wherein the liner 1012 has been partially opened.
The liner 1012 may in this case be opened using the
above discussed dedicated liner opening mask defined
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for the purpose of opening the liner 1012 to expose each
of the first and second fin parts 1010s, 1010d in a re-
spective source/drain region 1030 on opposite sides of
a gate region 1028. The method may then proceed as
further outlined above in connection with Figs. 13a and
13b and onwards with the difference that there will be no
difference in doping concentrations between the first,
second and third parts 1010s, 1010d, 1010c.

[0126] Accordingto an alternative to the process steps
discussed with reference to Figs. 8a-b and 9a-b, com-
prising replacing the first sacrificial layers 1002 of the first
semiconductor material with the first dielectric layers
1022 of the first dielectric material shown, a fin structure
1010 with the layer structure shown in Figs. 9a-b may
instead be formed by patterning such a fin structure in a
multi-layered SOl structure formed by epitaxy and/or lay-
er transfer techniques (e.g.
Si/Si0,/Si/SiGe/SiO,/Si/SiGe...).

[0127] Accordingto an alternative to the process steps
discussed with reference to Figs. 15a-b and onwards, a
dielectric cover layer corresponding to layer 1052 may
be formed instead of the cover layer 1044. Trenches cor-
responding to trenches 1046 may then be formed in the
dielectric cover layer, cavities 1048 may be formed and
source/drain bodies 1120 may be formed in the cavities
1048 and the trenches. The trenches may be filled with
dielectric to restore the cover layer. Contact trenches
may subsequently be formed and source/drain contacts
may be formed therein (e.g. after repeating the process-
ing at further fin structures).

Claims

1. A field-effect transistor, FET, device (100) compris-
ing:

a substrate (102), a source body (120), a drain
body (130) and a set of vertically spaced apart
channel layers (150) extending between the
source and drain body in a first direction along
the substrate (102),

the source body (120) comprising a com-
mon source body portion (122) arranged at
afirstlateral side of the set of channel layers
(150) and a set of vertically spaced apart
source prongs (124) protruding from the
common source body portion (122)in a sec-
ond direction along the substrate (102),
transverse to the first direction,

the drain body (130) comprising a common
drain body portion (132) arranged at the first
lateral side of the set of channel layers (150)
and a set of drain prongs (134) protruding
from the common drain body portion (132)
in the second direction; and
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a gate body (140) comprising a common gate
body portion (142) arranged at a second lateral
side of the set of channel layers (150), opposite
the first lateral side, and a set of gate prongs
(144) protruding from the common gate body
gate portion (142) in a third direction along the
substrate (102), opposite the first direction;
wherein each channel layer (150) comprises a
first side (150aa, 150ba) and an opposite sec-
ond side (150ab, 150bb), the first side arranged
in abutment with a topside or an underside of a
pair of source and drain prongs (124a, 134a)
and the second side (150ab, 150bb) facing a
gate prong (144a, 144b).

The FET device according to claim 1, wherein said
gate prong (144a) and said source prong (124a) of
said pair of source and drain prongs (124a, 134a)
are arranged to overlap with a first common region
(150as) of said channel layer (150a) such that the
first common region is located vertically between
said source prong (124a) and said gate prong
(144a), and wherein said gate prong (144a) and said
drain prong (134a) of said pair of source and drain
prongs (124a, 134a) are arranged to overlap with a
second common region (150ad) of said channel lay-
er (150a), such that that the second common region
is located vertically between said drain prong (134a)
and said gate prong (144a).

A FET device according to any one of the preceding
claims, wherein the common gate body portion (142)
extends along the first and second common regions
(150as, 150ad) of each channel layer (150a).

The FET device according to any one of the preced-
ing claims, further comprising a set of vertically
spaced apart insulating spacer layers (162) each
spacer layer arranged level with and between a re-
spective pair of the source and drain prongs (124a,
134a).

The FET device according to any one of the preced-
ing claims, wherein the set of channel layers com-
prises a pair of channel layers (150a, 150b) arranged
in abutment with a same pair of source and drain
prongs (124a, 134a) from mutually opposite sides
thereof such that the pair of source and drain prongs
are sandwiched between the pair of channel layers
(150a, 150b).

The FET device according to claim 5, wherein the
gate body (140) comprises a pair of gate prongs
(144a, 144b) and wherein said pair of channel layers
extend through a space between the pair of gate
prongs (144a, 144b).

A FET device according to claim 6, wherein the set
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of channel layers comprises at least one further
channel layer (150) arranged in abutment with a top-
side or underside of a further pair of source and drain
prongs (124a, 124b), and wherein a gate prong
(144a) of the pair of gate prongs (144a, 144b) is ar-
ranged between said further channel layer (150) and
one channel layer of said pair of channel layers
(150a, 150b).

The FET device according to any one of the preced-
ing claims, further comprising first dielectric layer
portions (164a) arranged alternatingly with the
source prongs and second dielectric layer portions
(164b) arranged alternatingly with the drain prongs,
such that each gate prong is arranged between a
first and second dielectric layer portion.

The FET device according to any one of the preced-
ing claims, wherein the channel layers (150) are
formed by Si-comprising layers.

A FET device according to any one of the preceding
claims, wherein the source and drain prongs (124,
134) comprise semiconductor material and the com-
mon source and drain body portions (122, 132) com-
prise semiconductor material and/or metal.

A FET device according to any one of claims 1-9,
wherein the source and drain bodies are metal bod-
ies.

An arrangement of a first and a second FET device
(100, 200) each according to any one of the preced-
ing claims, arranged beside each other, wherein the
gate body (140) of the first FET device and the gate
body (240) of the second FET device share a com-
mon gate body portion (142, 242) arranged interme-
diate the respective channel layers (150, 250) of the
first FET device and the second FET device, wherein
the gate prongs (144, 244) of the first FET device
and second FET device protrude from the shared
common gate body portion in opposite directions.

10

15

20

25

30

35

40

45

50

55

17

32



EP 4 191 668 A1

142 164
140

e

}—134
4134

/””” r: ”"’, i |
120 /" (/‘,—’ - = "'L‘"l
~ (< l‘ LI 134

(S
~~~~~~~~

N - | .
\/;’ ”, - Ve
- _— j
o 104
/ > 3
’ [l P . -
, X -
¢ / l.__~~ T ’/:/,
) b s
122s LSS o
. .
P
4”
4
>
/ P

124~

18



EP 4 191 668 A1

150bb 144p 164b
\ \ 1\62 1508 //734ab
124ab N X ! ,/75Ob
\\\ “ov \\ Sov /Y 1342
724a_ MMk / %y """
150a_/§ s ==
7 / /A 7 A;d l\_<4aav
\
72433/ / / 150ac ( K150aa\ 1462~ 1040
X
Fig. 2
100
120 /130
X
150 — >
4 T~ 142242
140,240/ —

250 /
220 ] \
230

200 Fig. 3

19



EP 4 191 668 A1

1000

1002

Tree ;.:.:-:-:-:-:-:/‘ 1006

SN~—1006
AN-1002

™N-7702

20



EP 4 191 668 A1

ANNNNARNNANAN

N N S HO R I /‘7002

ZL/// I ////-1102

A

-

X

Fig. 5a

1010b 1010

1010 1008
10102 N N ‘[,

H\\\L . | 1002

A S
1004§::-ﬁl ;1006

X 1002

ZI f N_1102
' C”

S

21



EP 4 191 668 A1

c.C 1010

A o

R R N R R N R R R R R R R R R E R R R ER R
AATANEHAAILIR AR R A LR UA AR AU RN A AR AR AN

AMTTRTIETERETEIRE TR AR R R U RA USRS

X

4

Fig. 6a

1010
A-A" \

1010a. 1008 1014

\ \£ /1010b /

H3E I

1012—

7
S oI %
l =

Y ~

Fig. 6b

22



EP 4 191 668 A1

1016

1010

1010b 1016

1014

1012—

\\
1004 -
1006 ——\ %?}:;}1002
1004 —~ S /

Sy

Fig. 7b

23



EP 4 191 668 A1

1016
C-C’ . /

| 1010

.:.:.:.:.:.:.:.:.,.:.:.:-:.:-:.:-:..:.:.:.:.:-:.:.:.:.:.:-:.:.:.:.:.:.:.:.:.:-:.:.:.:-:.:.:.:-:.:.:.:.:.:.:.:-:.:.:.:.:.:.
NIRRT

1020

TS

L//{

X

_==

Z

Fig. 8a

1016
A-A" 1010 10105 1018 ///

\

1014

1004 —
1006 —

1004 —

=

=

Fig. 8b

24



EP 4 191 668 A1

:-:-:-:-:-:.:-:.il':/.:.:.:.:.:.:.:.:.:.:..:.:.:.:.:-:.:.:.:.:.:.:.:.:.:.:.:-:.:.:.:-:.:.:.:.:.:.:-:-:-:-:-:-:.:.:.:.:.:.:../1006
e SN -1022

\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\ \\
//////?’/////////////////////////////////////

25



EP 4 191 668 A1

T—A 1030 /

/./" // 707 // /./

\\“\\\ \\\\.\\\\\\\ \\\\\\\\\‘ \\\\\\\\\\\\\\\\ '

X 1010c

A-A” 1010

101Zf /(W ///

1010d

Fig. 10a

1024

N

s Ll
NN\

GENEY

S NN\

Fig. 10b

26



EP 4 191 668 A1

""" ;//—7006

WFIST? 2 7z

\\\\

_/: \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\‘

/////////

////////////////////////////f/////;/_ 1006

\\\\\

\Sx_\xoa

ooxvoxMJ“V\

onoo

jV/ 5%///

10100

1010d

Fig. 11a

1012-_\\\\\\\\~— g

27



EP 4 191 668 A1

10105™ ,/f;;z§§3??§;222/// 7
“ o v
? B

X 1010c  1010d °

Fig. 12a

1010d , ¢ 1030

| 1022
21006

oos L1022
SeEs

> 1022

Fig. 12b

28



EP 4 191 668 A1

N

i B ERERERE T ERERERE BRI ERE & .:
1032 :X%’/;/&}//j/ /:V “l
4 i v
4 . B’
1010c 1032 / .~
X

10170d

Fig. 13a

29



EP 4 191 668 A1

1028

C-C” 1030 B
1006 1030 1034 1005/ 1030

\ /
TR NI

e A/ y ;/ / / / /
1004—\\,

1034
1004 \\Nét//// \\\\\\\\\ //('.-"/////' /,E// 1022
1034 — e SLLLLLEN 1034

- :MW\mﬂ
ZT———» 1006 1034 1006

X
Fig. 14a

B-B’
1010d . C

30



EP 4 191 668 A1

C-C 1044 1048 1034

0 1044
1028 \ ( \\ §<—B—) 1028
1030 \ :\r / /1030

\L / 1048

1048 —» _—izizzzzizl "~ —PZrrzz777 8o 1002
Ll NNNNNNNNNIFFFITTITFNNNNNNNN Ll
s S -104s

[Tt T TR Y H HUHEH
.:.:':.:::.;i./:-::/;;:::.:::.:::.::::.'j;:-::::::-:.::-:::‘:::.:::-:?::"::..:.'.::..::'.::.-R
1048 . =y eY" 1022
=N
1010s” 4 | faces \\

31



EP 4 191 668 A1

1030
1028 o« B 1028
1030 1124 70241/// 1030
¥ i / /
/¥

1022 L N

1124~
1022 ////A\\\\\\\\\\ /////////A\\\\\\\\\V////

.'

/LW i

Fig. 16a

\\\‘ §,//
1050 5
1122 Iy 7
1124 o2z
Z
= -
% )

32



EP 4 191 668 A1

c-C 5 1052

-/

77F 77777 \N\NN\\\\N (/A4
S L

Ll dd NNNNNNNN\N, 7477 4

s
e nnmmm p g SRR

1010d 1010
B-B~ 1120 \ C % 1120
1008

b8 80801

33



EP 4 191 668 A1

d 1028 1060 1060 1028 1D58
A
\ -~ J [ J /
s d 1030

_/

34



EP 4 191 668 A1

1028 A 1028

\\ ;..__ 1}44 1(144 /

/)/fwm///////mmw (i d
Ry / / /// 288
e S 2 LR

R T e o o N LA 13 kN N
(777, } ”””’4()()()0 PP

35



EP 4 191 668 A1

Ii} .xxxx; "‘xx} —-\_’1054

36



10

15

20

25

30

35

40

45

50

55

EP 4 191 668 A1

9

des

Europdisches
Patentamt

European
Patent Office

Office européen

brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 21 21 2147

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
A WECKX P ET AL: "Novel forksheet device 1-12 INV.
architecture as ultimate logic scaling HO01L27/088
device towards 2nm", HO1L21/336
2019 IEEE INTERNATIONAL ELECTRON DEVICES HO01L29/775
MEETING (IEDM), IEEE, HO01L29/06
7 December 2019 (2019-12-07), XP033714586, HO11L.29/08
DOI: 10.1109/IEDM19573.2019.8993635 HO1L29/423
[retrieved on 2020-02-10]
* II. DEVICE DESIGN AND PROCESS FLOW; ADD.
figure 5 * HO1L29/417
----- B82Y10/00
A US 11 164 942 Bl (WECKX PIETER [BE] ET AL) |1-12
2 November 2021 (2021-11-02)
* the whole document *
A US 2021/082766 Al (MIURA MAKOTO [JP] ET 1-12
AL) 18 March 2021 (2021-03-18)
* the whole document *
A WO 2021/232916 Al (INST OF 1-12

MICROELECTRONICS CAS [CN])
25 November 2021 (2021-11-25)

TECHNICAL FIELDS
SEARCHED  (IPC)

* the whole document * HO1lL
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner
Munich 29 April 2022 Kostrzewa, Marek

CATEGORY OF CITED DOCUMENTS

T
E
X : particularly relevant if taken alone
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons

A :technological background

: theory or principle underlying the invention

: earlier patent document, but published on, or

after the filing date

O : non-written disclosure & : member of the same patent family, corresponding
P :intermediate document document

37




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

ANNEX TO THE EUROPEAN SEARCH REPORT

EP 4 191 668 A1

ON EUROPEAN PATENT APPLICATION NO.

EP 21 21 2147

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

29-04-2022
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 11164942 Bl 02-11-2021 NONE

US 2021082766 Al 18-03-2021 CN 113348536 A 03-09-2021
JP 6950096 B2 13-10-2021
JP W02021048995 Al 27-09-2021
KR 20210032299 A 24-03-2021
TW 202111809 A 16-03-2021
us 2021082766 Al 18-03-2021
WO 2021048995 Al 18-03-2021

WO 2021232916 Al 25-11-2021 CN 111584486 A 25-08-2020
WO 2021232916 Al 25-11-2021

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

38



	bibliography
	abstract
	description
	claims
	drawings
	search report

